In this work, the kinetic and kinematic variables of serial-driven planar manipulators (also known as RR planar manipulators) were studied to achieve optimization in its performance through a parametric analysis. To do so, the equations that define the behavior of these mechanisms were programmed using the Octave software package, and some variations were made in input parameters, such as torque and forces, to study their influence on the kinetic parameters of the mechanism; to validate the obtained results, these were compared with the analytical solution, to guarantee the prediction capacity of the simulations. The results obtained by using the simulation package shared the same behavior as the results obtained through the application of the theoretical model, with a little deviation from the theoretical results (less than 3%). Besides that, the program code allowed to obtain results to a higher speed than the solution of theoretical equations (harder to solve at hand) with the same accuracy, which is an important parameter when optimization processes are required.
Introduction
Robotics is a specialized field of engineering based on the automatization of certain tasks in the production of mechanical elements, through mechanisms that copy or even extend the functionality of certain human joints when doing a specific task. Therefore, this field is of great importance for mass-production processes, where the efficiency is defined as a function of the production, and it is required to lower as much as possible the time required to produce a single element, keeping quality parameters within an established range [1] , [2] . In most robot applications, one of the common schemes consists of the serial topology, in which a series of controlled revolute or prismatic joints are connected by radial links; for these serial-driven systems, the equations derived from classical mechanics (Newton's 2nd law) can be used to study their behavior and at the same time predict their response when a specific load is applied, usually as a linear force or a rotational torque. This response is comprised of kinematic variables (linear/angular position) or kinetic terms, such as velocities or accelerations, which are needed, if an error control scheme were to be implemented [3] - [7] . However, issues arise when the model of these mechanisms is developed: due to being dynamic systems, their response is a function of time (also called a transient response), and their models are also a function of time, commonly expressed as differential equations; regarding these equations, their solution can be troublesome in some cases, as the analytical solution of these is a tedious work that requires a lot of time and effort in this process [8] - [11] . Therefore, it is required to use an alternative method to reduce the time required to solve these equations and predict the behavior of the mechanism, with the same accuracy as the analytical solution. In the present work, a method for the characterization of kinematic and kinetic parameters of serial-driven manipulators (such as the position/velocity/ acceleration), as a function of input parameters was established, involving the use of the software package Octave as a faster alternative to model the behavior of the system, and therefore obtain an easier method to predict variables of the mechanism, with the same accuracy level of the theoretical model, which will be handy when optimization processes are required. However, these processes are out of the scope of the present work, though it can be evaluated in future studies.
Methodology

Development of the study
The main purpose of the developed study, is to develop an alternative method for the characterization of serial-driven planar manipulators in order to predict some of their kinetic and kinematic variables of the mechanism; to achieve this goal, a code program was developed using the software package Octave® (an open-source alterna-tive to MATLAB®), from the equations that regulate the dynamical behaviour of these manipulators, to implement numeric methods numerical methods, such as Runge-Kutta [12] , to solve the differential equations involved on the model, and to automatize the process as function of some parameters of the system, such as the masses of the elements that constitute the mechanism, and the time step used in the numerical solution. As a result, the code gives the desired output variables of the system, as a function of time, using some tools built inside the same package. To verify its capabilities, the model obtained was used to evaluate a couple of study cases, where it was validated.
Fundamental Equations
The main equations for the study of polar robot manipulators can be derived by the formulation of Newton's 2nd law, from the system shown in Figure 1 . However, the application of Lagrange equations -a reformulation of classic mechanics-makes fairly easy their deduction, and therefore will be used on the present study. For the definition of the Lagrange equations, an operator is defined in the expression [13] = −
Where and are the kinetic and potential energy of the system, respectively. For the same system, it can verified that the kinetic energy due to angular and lineal displacement of both elements, take the form
Where 1 and 2 are the masses of each element, 1 and 2 their angular position as a function of the time, and 1 and 2 are their lengths. In the same way, potential energy is defined as
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By replacing (2) and (3) 
Using derivatives to obtain the variation of (4) concerning the angular positions and the total length of the system, the ordinary differential equations that define the behavior of the robot, can be expressed into a simplified form using the equations 
In these expressions, the behavior is defined as function of an external torque 1 or 2 , both as constant values. Each term of this equation denotes a specific term of the system: so, the first term of (5) and (6) denote the accelerations originated by mass and inertia effects, the second in equation 6 shows the Coriolis and centripetal forces, while the third term in both equations shows the gravity effects [13] .
Results and discussion
Below are the results of the main points of the present study:
Validation of the simulation
For validation purposes, Figure 2 shows the plot of the angular position for the first element of the planar mechanism as a function of time, together with the results obtained from the theoretical model, for a bell-shaped torque applied with a max value of 5 N•m. It is evident that the results from the simulation resemble the experimental data closely, though there is still a slight difference between them (around 3%); however, this can be explained as the result of the interaction of certain factors that could generate this slight difference, such as the number of significative digits, the time step used, and the solution method used, which can generate a loss of digits in the process. However, it was demonstrated that the generated code was able to accurately predict the behavior of the kinematic parameters of the mechanism.
Application of software packages on the parametric study 3643 Figure 2 . Validation of the model.
Case study: Variation of the torque on the 1 st element.
To evaluate the influence of input parameters on the rotational behavior of the system, the torque 1 was varied in a range of approximately 20% from the initial value of 10 N•m, with the parameters 1 = 2 =0.5 m, 1 = 2 =10 kg and 2 =0. With these variations, the response of the system, particularly the angular velocity, is shown in Figure 3 . From the figure, it can be seen torque variation has a significant effect on the angular response of the system, which varies in a semi-proportional way with respect to the applied torque; as the latter is a rotation momentum, its application initiates the rotation of the mechanism, which is faster when the torque applied is higher. Figure 3 . Influence of the torque variation on the angular velocity of element 1.
Case study: Variation of the torque on the 2 nd element.
In the same way the rotational behavior of the 1 st element was studied, the behavior of the second element was also evaluated, with the same variation of 20% on an initial value of 10 N•m, as shown in Figure 4 . However, compared with the previous case, exists a certain region where, instead of rising, the angular velocity decreases, and after a certain point, this value begins to grow; this indicates that, as this element is in general movement on the plane, on the first half of the movement, gravitational effects are higher than the movement induced by the torque and after a certain point in time, this value begins to grow, with a slope less pronuntiated than the previous case. 
Conclusions
With the present work, it was possible to establish an alternative to model the dynamics of serial-driven planar manipulators, using simulation software as a tool to reduce the calculations required to predict characteristics of the mechanism (as velocities and accelerations). From the results, it was verified that the results obtained through the code on Octave are in agreement with the theoretical solution, with a deviation of approximately 3%; besides that, the time spent in the simulation was considerably less than the analytical solution, as it uses numerical methods to approximate the solution of the differential equations that govern the mechanism. Therefore, it was verified that the modeling of the system using a simulation software is adequate for the main objective of this work. Regarding the cases studies, an inspection of the two cases, allowed to establish that the behavior of the system greatly depends on the input parameters: when a torque is applied in the 1 st element of the mechanism, the main variables (position, velocity, and acceleration) changes accordingly to its magnitude in a proportional form; however, when applied into the second element, the movement becomes more complex as the gravitational effects limit the initial velocity of the system, generating trajectories that differ from the characteristics given by the designer, as there is no control on the rotation direction, unless it is specified. Finally, regarding the computational load, it was verified that the usage of Octave as the tool for solution of differential equations, does not require an elevated processing capacity to solve the system; this fact makes their use a suitable alternative to the manual solution of differential equations, using a computer of medium or low capacity, at a low cost, due to being more economical than its most known counterpart.
